The effects of NH4+ : NO3-in culture medium on growth and nutrient absorption of Phalaenopsis seedlings in vitro were investigated.
INTRODUCTION
Commercial propagation of Phalaenopsis has been mainly done in vitro by sowing the seeds in the medium containing inorganic nutrients and sucrose as energy source. The seeds initiate plantlets via protocorms around 4 months after sowing, and the seedlings should be incubated for more 6 to 8 months to cultivate the seedlings in greenhouse. Since all inorganic nutrients required by the seedlings are provided in the culture medium, growth of the seedlings is influenced by nutrient composition in the medium. Nitrogen (N) has largest effects to plant growth among essential nutrients, and the NH4+ to NO3-ratio (N ratio) promoting optimal plant growth is different among plant species (Marschner, 1995) . Hinnen et al. (1989) have already proposed optimal concentration of macro nutrients for growth of Phalaenopsis seedlings by estimating with the cubic model, and recommended about 6 : 4 of N ratio. However, 3 g L-1 of Hyponex fertilizer (N-P-K=6.5-2.6-15.8) is frequently used for commercial propagation (Ichihashi, 1997), which contains 14 mM N with 1.5: 8.5 N ratio. Thus, there is significant difference in N ratio between above two prescriptions, and the optimal N ratio for growth of the seedlings is still unknown. In this report, we investigated the effects of N ratio in culture medium on growth and nutrient absorption of Phalaenopsis seedlings in vitro. 
RESULTS
There were no differences in leaf number from 0 : 10 to 6 : 4 N ratios (Table 2) , whereas leaf area was linearly decreased with increasing NH4+. Although number of root was little different from 0 : 10 to 4 : 6 of N ratio, the number decreased remarkably when NH4+ ratio exceeded 40%. The length of root linearly decreased with increasing NH4+ ratio. Leaf dry weight decreased remarkably (Table 3) , when NH4+ ratio reached 60%. Root dry weight was largest at 0 : 10, and decreased with increasing NH4+. Consequently, whole plant dry weight decreased with increasing NH4+.
In nitrogen absorption there was no difference between 0 : 10 and 4 : 6 N ratios, but the absorption decreased remarkably between 6 : 4 and 10: 0 of N ratios. P, K, Ca, and Mg absorption was suppressed with increasing NH4+. In particular, absorption of divalent Hew et al. (1992) have investigated uptake of NO3-and NH4+ in terrestrial orchids, mature Cymbidium and Bromheadia plants, and they grew in nutrient solution with NO3-and/or NH4+ as nitrogen sources. Their results indicated that those terrestrial orchids could absorb NH4+ without depression of the growth even if NH4+ was supplied as the sole nitrogen source. Ichihashi (1979) had also investigated effects of NH4+/NO3-ratio on growth of terrestrial orchid, Bletilla striata seedlings, in vitro from view point of cation and anion balances in culture media, and it was argued that the growth of this orchid was controlled by NH4+/NO3-ratio in culture media and the optimal NH4+/NO3-ratios for the growth were 40/60 to 70/60 as NH4+ percent to total cation concentration (meq L-1) and NO3-percent to total anion concentration (meq L-1), respectively. However, total N concentrations also greatly differed among NH4+/NO3-ratio treatments in his experiment, so that precise comparison among the N ratio treatments have not sufficiently done. On the other hand, Uesato (1973, 1974) reported that growth of epiphytic orchids such as Dendrobium nobile and Cattleya seedlings in vitro promoted at 8 : 2 or 7 : 3 N ratios, and depressed with increasing NH4+.
In our result, leaf growth in Phalaenopsis seedlings in vitro was promoted by low NH4+ ratios (0: 10 and 2: 8), and growth of roots and nutrient absorption excluding nitrogen linearly decreased with increasing NH4+. Likewise, it was also appeared that absorption of divalent cation such as Ca2+ and Mg2+ were antagonistically inhibited by monovalent cation, NH4+, as have already shown in many plants (Marschner, 1995) . Thus, it is suggested that roots of Phalaenopsis seedlings have less tolerance to NH4+ compared to terrestrial orchids such as Cymbidium and Bromheadia, and growth of the seedlings was remarkably suppressed by decreasing nutrient absorption through inhibition of root growth by NH4+
. For commercial propagation the seedlings need 2 to 3 times of subcultures, because nutrient in culture medium become limiting during incubation in vitro. When the incubated seedlings were transplanted to fresh culture medium, roots of the seedling were always cut to transplant easily the seedlings.
Controlling the root length in the seedlings is an important factor for easy manipulation of subculture in vitro.
Our results also indicated that the root length could be controlled by incubating in the medium with 2 : 8 N ratio without suppression of leaf growth. Thus, a program can be proposed that the seedlings are incubated on the medium with 2 : 8 N ratio at early stage in vitro, and the seedlings are then transplanted into the medium containing NO3-as sole nitrogen source at final stage to accelerate root growth.
